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An investigation  has  been conducted in the Langley ,300 M€!EI 7- by 
10-foot  tunnel t o  determine t h e   s t a t i c  stability cha rac t e r i s t i c s   a t  low 
speeds of ccmplete models w i t h  various swept w-a so that comparisons 
might be made with  available  theoretical and emsirical  methods of pre- 
dicting  the  stabil i ty  characterfst&x. Longitudinal and lateral a t a b i l i e  
character is t ics ,   f laps  'u~p down, were obtained  for modela having Oo, 
15O, 300, and 45O sweptforward and sweptbaok wings. 

The resu l t s  of the   invea t iga t im  ind ica te ' tha t   s ta t ic   s tab i l i ty  
characterist ics can be  estimated with reasonable  accuracy in the l o w - l i f t  
r h g e  by means of existing theoriea. 

For lift coefficfente qear the stall where no theory is applicable,  the 
lcmgitudinal-stability  trends.  for  the canrplete models =re similar to   those  
that might  be expected from an inspection of isolated swept-- data. 

I N T R O ~ C T I O R  

Experimental  and theoretical  investigations have shown that t ? ~ e  we 
of wings having large of sweep.might Introduce  serious low-speed 
s t a b i l i t y  problame,.  The resu l t s  of an  Fnvestigation  reported i n  
reference 1 on the s t a b i l i t y   c h e a c t e r i s t i c s  of small-scale sweptback 
and  sweptforward w i n g s  and in reference 2 Por large-scale sweptback  and 
sweptfomard wings indicate that fair ly   accurate  estimates can be made 
of the characterist ics of isolated swept wings at low and  moderate l i f t  
coefficients  before  separation  effects assume any importance. 

It waa not certain, however, that the characterist ics of complete 
models with swept w i n g s  could be predicted with'as high a degree of 
accuracy as  those of the  isolated wing. Heretofore no syst ,matic 
investigation of cmplete  models with various sweptback and sweptforward 
w i n g s  has been made. The purpose of the present paper is t o  present 
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com1cIEIV!rs AEJD SYMBOIS 

The results of the  teats  are presented as standard W A  coefficients 
of forcee and mmente. A l l  forces and momenta w e  preeented for the 
s t ab i l i t y  -13 sham in  figure 1 w i t h  the reference  center of gravity a t  
the 25 percent mean aerodynamic chord f o r  each model ae indicated in 
figure 2. 
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The coefficients and ~ymb01~ are defined  ae follows: 

lift coefficient  (Lift/@ where Lift. = -2) 

increment of lift coeflicient due to   f lap  def lect ion 

longttudind-force coefficient (X/qS) 

"t,eral-force  coefficient (Y/qS) 

rolling-moment coefficient (L/q=) 

pitch%-mament coefficient (M/qSzS) 

yawing-mment coefficient (B/qSb) 

force along Z-axis, porn& 

force along X-axis, pound8 

force along Y-axis, pokb 

rolling mment  about X-&e, pound-feet 

pitching moment ab& Y-axie, pound-feet 

, yawhg mmmt about Z-axis, pound-feet 

free-stream dynamic pressure,  pounda.per square foot 

wing area, square f e e t  

wing span, feet 

1 

.? 

- ,  
r -  



3 

- 
c w h g  mean aer0-i: chord, feet 

P mass densits of air, slug per c d i c  foot 

V air velocity, f e e t  per secona 

C 

9 

A 

A 

x .  

2t 

a 

d( 

distance almg wing span, feet 

aspec t   ra t io  (b2/s): 

ang1e;of sweep of w3ng quarteP-chord line, 
degrees (positive for Weepback) 

tail length measured frcoli center of -93- to the 
elevator hinge lfne, feet  

angle of a t tack of wing chmd line, degrees 

angle of yaw, d e m e a  

E angle of domwash, degrees 

it angle of stabilizer w i t h  respect t o  wing chord line, degrees 

f lap  def lect ion measured perpendicular t o  80-percent-chord 
line, degrees 

PP neutral-point  location, percent w i n g  man aerodynamic chord 

MO 
tunnel free-stzeam Mach nmiber 

cr  

Subscripts : 

f denotes  ewestforward nlng t i p  a t  A =  Oo 

b denotes sweptback wing t l p  at A = Oo 

t horizantal tail 

v.t. ve r t i ca l  tail 
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Symbols used as subscripts  denote  partial  derivatives of coeffi- 
cients w i t h  respect tx angle of attack, angle of yaw, and l i f t  coeffi- 
c ient  . For example : 

0 

MODEL 

The models tes ted in the  present  investigation had the s m 3  fuselage 
and tail surfaces. The WLngs used could  be  pivoted from an unswept 
position t o  angles of sweep of f l 5 O ,  t30°, and +45O. Two. pairs of wing 
t i p s  were wed, one f o r  the sweptback w i n g s  and one f o r  the sweptforward 
~ i n g s , ~ s o  designed as t o  be parallel with the fuaelage  center Line 
a t  +45 sweep. mo attempt was made t o  hold the area, span, o r  aspect 
ratio  constant f o r  the--various sweep codigurations.  D r a w i n g s  of the 

’ models giving  pertinent  infoxmati& are presented in   f igure  2 and the 
physical  cham+eristics of the modela are given in table I. The span 
f o r  each model was measured to the extreme t i p s  of the wing. Half-span 
s p l i t   f l a p s  of 20 percent  chord were tested on all models. 

Various models mounted in  the Langley 300 .W 7- by 10-foot tunnel 
are shown i n  figure 3. ” 

Tests were made a t  a dyndz- pressure of 33.6 pounds per  square 
foot  (M, = 0.15) . The corresponding Reynolds  numbers based on the wing 
mean aerodynamic chord are  as  follows : 

I 0 I4.A-C. 

1.888 
1 . J+&I 
1.262 
1 J.81 
1.201 

1.342 
1.278 

Reynolds number 

1,569,000 

. .- 
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The peynolds n&er was computed using a turbulence  factor of mity- 
The degree of turbulence of the tunnel  is not h o r n  quantitatively but 
is 'believed  to  be smal l  because. of the high  contraction  ratio (14:l) 

. .  
Correc tione 

T a r e  corrections  were  considered negligible and  were  not  applied. 
Jet-boundary  corrections  were  camputed by t h e  method of reference 3 and I 

a n  unpublished  apalyvsis ihowe this to be applicable for wing6 up to - 
45O sweept Corrections  applied were as follows: 

where the subscript M denotes xr&a&ured values. 

The E, F, and G values for each sweep  angle are given in the 
f olloying table : 

I -0152 

All 
given in 
has  been 

forces and mo111L8nta were  corrected for blocking by the method 
reference 4. An increment in Iongitud-rnFh-force  coefficient 
applied to account for t h e  horizontal  buoyancy. 
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Presanta%ian of Results 

A table of figures  presenting t h e  results  is  given as follows: 

Basic  experimental data: Figure no- 
Aerodynamfc  characteristfcs in pitch . . . . . . . . . . . . . .  4-7 
Lateral-stability  parameters . . . . . . . . . . . . . . . . . .  8-9 

Analysis and compesiscm  figures: 
Static  longitudinal  stability  characterietics . . . . . . . . .  10 
Variation of neutral point  with sweep .- . . . . . . . . . . . .  ll 
Downwash variation . . . . . . . . . . . . . . . . . . . . . .  12-13 
Variation of effective  dihedral  with  sweep . . . . . . . . . . .  14 
Variation of directional  stability  with sweep . . . . . . . . .  15 
map-lift effectiveness . . . . . . . . . . . . . . . . . . . .  16 

In the analyels--of  the data each model was considered as an hdividual  
configuration.  Although t he  primary physical  difference  between the models 
is the angle of sweep, there m e  irregular  variations i n  the  wing  area, 
w h g  span, mean aerohamic chord,  center-of-gravity  location, and tail 
length accompanying the  change Fn sweep-  The results obtained,  therefore, 
do not represent t h e  effect- of sweep on t h e  stabilitg  characteristics 
but include  all those factors m r y i n g  as a result of changes in sweep. 
Consequently,  the  aerodynamic  trends  indi-cated  apply only for t h e  models 
tested and f o r  other configurations may be  entirely  different.  The 
emphasis then ehould be placed rm the  extent to whi.ch  calculated values 
of' the stability  charractsristics may be  made with reasonable  accuracy 
and  not upon the quantitative  results shown. 

Longitudinal  Stability 

The etatic  longitudinal  stability of a Jet airplane in power-off 
flight  at  subcritical a p e &  mag be  expressed 88 

combination and - iB  the  contribution of the tail to 
a 

. I  
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the longitudinal  stab’ility. Each of the factors affecting the langitudinal 
s t a b i l i t y  was estimated and then by me ‘of the equation the static.  

s h o k  and cnmparea w i t h  the experimental r e su l t s  in figure 10. 
. longitudinal stability for each model was cslculated. The results are 

The variation of the  l i f t -curve slope CL w i t h  sweep wa8 estimated 
a 

by the m%hod of reference 5. me, basic value of % f o r  the unswept- 

w i n g  model was fomd by adding % for the plain wing (0.078 as deter- 
a 

a 
mined f r o m  reference 5) to a value of 0-014 for  the fuselage and 
determined f r a a n  unpdliehed results of t e s t s  of a similar model. 

The stabil tzer  effectiveness was found from the relation 

tail as 

By the use of reference 6 a value of 0.060 was estimated for (“.>A* 

scoomts ?or the interference effects of bodies w3th swept w e .  It 
fa sham in reference 8 that a rearward shift of t he  wing-fwelage 
aerodynamic center might occur for bodies wit31 eweptback WFngS became 
of 1088 in lift on the wing center  section caused by the presence of- 
-t;he fuselage. ”his area of reduced lift, being ahead of the reference 
center-Qf-graviQ  position (0 -2551, would produce a negative pitching 
moment in opposition t o  the  positive moment & L ~ ~ J w  produced by the 
Fuselage. For sweptforward w i n g s  the reverse is t rue  and a positive 
p i t c h h g  moment is.-produced by the 1 0 6 ~  of w i n g  l i p t  in addition t o  the 
posltive mamept  of the fuselage. Hence, in compariean w i t h  the 
aerodynamic-center shift of bodles w i t h  s t ra ight  wines, the shif-t; w i l l  
be more forward for bodies  with EWeptfO-d w i n g 6  and less forward 
f o r  bodies with sweptback wings.. For these calculations it was ass-& 
that the aerodynamic center of tbe 2 l a ~ n  w i n g  ramahed unchanged . w i t h  

sweep. 



Each of ' the  factors   affect ing the e ta t ic   longi tudina l   s tab i l i ty ,  
was estimated  with  reas'anable  accuracy and good- agreement was obtained 
between the  calculated and experimental values of the total   longitudiqal 

s t a b i l i t y  - fo r  each model ( f ig .  10). dc, 
dCL 

The variation of the neutral  point  with sweep angle in the low- 
l i f t  range as determined both eqerimantally and theoretically is shown 
i n  figure' 11 and indicates  that  flap  deflecticm ha~l l i t t l e  effect on the 
l m g i t u d i d  Stabi l i ty  of theso models 

near max-imum lift the  pitching-mment  characterietics of the models 
were similar t o  those that might be  expected for isolated w i n g s  
(reference 9) based on the sweep angle and aegect r a t i o ,  AB pointed  out 
in reference 2, the  predictians of reference'g  apply equally a8 well t o  
sweptforward wings a5 t o  Bweptbaok xinge. The models with  mewept wings 
and +l5'- swept wings are staBle or  marginally  stable near the stall. 
The models w i t h  f30° and &5 swept wings indicate  instabil i tg with the 

' exceptton of the -45O w i n g  model with f h p B  re t racted  ( f ig .  5(d))  in 
which c a s e . i t  appears t ha t  an angle of attack  high enough t o   e f f e c t  a 
p a r t i d  wing stall.wae  not  attalned. The ins tab i l i ty  of the 300 and 
45'. sweptback-wing.models i s  caused p q t l y  by t i p  stell as evidenced %r 
the  t&Tl-of f pitching-moment curve (figs. k(0)  ' a n d  k(d) ) asd partly ky 
the rapid  increase in the rate of cha6ge of damwash at the higher angles 
Qf a t t ack , ( f ig .  12) that reeul ts  from the inboard shift of the l i f t .  

' The -30° and -45' swept-wing models show no large downwash changes with 
Elweep and ins tab i l i ty  should result prhazdlg  from wtng root e t a l l .  

When the f laps  a r e  .deflected  the  unstable  tendencies ne= the stall 
a r e  accentuated. For ewegtbttck wing8 the   t ip   port ion of the wing 
stall although the flap  prevents complete w i n g  stall and the 
a greater nosing-up  tendency of the wlng. In the case of meptforward 
w h g e  the stall over the  inboard  portion of the wing is mre pranounced 
when the f laps  are  deflected ~ i c h  also  resul ts  in  a s e a t e r  nosing-up 
tendency of the w i n g .  

Lateral. and Directianal  Stabil i ty 

Effective dihedral.- The ef fec t  of sweep on the variation of' 
effective  dihedral w i t h  lift coefficient C l  in the low-lift range 

as determined f r o m  figures 8 and 9 is shown in figure 14. Values for  
the theoretical  curve also shown in figure 14 were obtained by 

J'CL 
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by Qe t a i l .  For the w i n g  a l m e  

where 0.0044 tan A is the ef fec t  of sweep on effective dihedral 
(reference 1). m e  ~ u e s  of are for unswept w h g s  C % J L  
havlng the same aspect   ra t io   as  tkre swept wing and were deternrined from 
a correlation of exprimental  results f o r  various uTlEwept w h g s  of 
different-aspect  ratios  presented in reference LO. 

In order to determine the vert ical- ta i l   contr ibut ion  to  C 

' t akes  i n t o  account the end-plate .effect  of *e horizontal   . tai l ,  a value 
of  0.062 was obtained f o r  the vertXcal-tail'lift-curve slope based on 
an aspect   ra t lo  of 2.4. The contribution of the tail to C a t  any 23r 
angle of attack then is h where h is the 

distance frcm the  X-axis to the center of pressure of the ver t ica l  tail. 
A t  zero angle of attack h wae estimated from Itail-on and tail-off 
tests  of a similar model t o  be 1.4 fe'et. ' 

lnterference and sidewash effects   resul t ing frm the fuselage and 
w i n g  were neglected in the computatfons. 

The results of t h e  calculations (fig. 14) indicate good agrement 
with the experimental values of Cz It is apparent from figure,l4 

that   f lap  def lect ion had a negligible ef fec t  on the effective-dihedral 
-$ation w i t h  lift. 

% 

Direct ional   s tabi l i ty=-  An attempt w a s  made to calculate the 
direct ional-s tabi l i ty  parameter a t  zero lift f o r  each model and 

the   resul ts  u e  included with the experimental results in figure 15. 
C"+ 

mcpneh.t due to yaw produced III the tail was dete-kuined . .  . . 

(Cn*)v.t. = (%kt. b 
3- The t a i l  contributed a negative .Cnq 

( s t a b i l i z k )  that -wcreased  negatively both with eweepback adsweep-  
forward. The fuaelage produced a positive (destabil izing)  that  

was calculated by the method of reference ll. The unstable mament . 
% .  

. .  
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variaticm with yaw of the Azeelage became more positive vie eweepback ' 

o r  sweepforward. The summation of the estinrated v-a&pe of C, f o r  
r) 7 "" JI 

- - the -fuseP* and t a i l<( f ig . -  15). -inds&ate. fair gtlalitative; agreemsnt w i t h  
experimental reeults in that generally the-directionaL-s&bFlity 
parameter decreases  fran sweepforward t o  sweepback. The diacrep- 

ancy apparent a t  high anglee of sweepback might be cawed by interference 
effects  of the w i n g  on the peesure dis t r ibut ion over the &'portion 
of the fuselage. It is obvioua A.am figure 15 that flapimay have a 
large- effect on thb  direct ional   s tabi l i ty .  

Cn$ 

3 

-L i f t  and Drag Characteristics 

Flap effectivene8e.-  Theoretically  the lift increment produced by 
deflecting the -flap i a  proportional to cob2A but an additional 
correction should be applied t o  account f o r  the aspecGratio changes. 
Inamuch 88 the calculations f o r  t he  theoretical  lift-curve s l o p  
account for the- aspect  ratio, t h e  l i f t  increment  re6ultin.g from f l ap  
deflection may be expressed as 

The r e su l t s  of low-speed test8 of models having Oo, 15O, 30°, 
and 45O sweptforward and sweptback w i n g s  indicated the following 
concluflions : 

1. The static  longitudinal stabilftg i n  the low-lift range can be 
predicted inasmuch &a the  factor8 a f fbc t i ng  the a tab i l i ty  - the l i f t -  
curve -slope, downwash, stabilfzer  effectiveness,  and wing-fuselage 
aerodynamic center - can be eetimated  accurately by meam of existing 
theories. 

.. 

2. The variat-lon of effective  dihedral w i t h  l i f t  coefficient can 
also be estimated  with good accuracy. 
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3 .  .Predictions. of - the d i rec t iona l   s tab i l i ty  can be made. w i t h  fa . i r  ! 

accuracy. 

. .4. The increment of lift caused by f lap  def lect ion can be estimated 
w i t h  reasonable  accuracy. 

5 .  For l i f t  coeffici&ts new'the s t a l l  &ere no theories a,re 
applicable, the longitudinal stability charac te r i s t ics . for  the 
comglete models were slmi1a.r t o  those indicated by investigations of 
isolated swept-wing configmatione. 

Langley Aeronautical  Laboratory 
N a t i o n a l  Advisoq Committee for   Aerbaut ics  

Langley Field, Va. 
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Center-of -gravity position, percent of M.A.C . . . . . . . . . . .  25 

Horizontal tail: ’ I 

Area, sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  1.&5 

Section . . . . . . . . . . . . . . . . . . . . . . . .  65-008 

Span, ft . . . . . . . . . . . . . . . . . . . . . . . . . .  2.85 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . .  5 

Vertical tail: 
Area,  excluding dorsal, sq ft . . . . . .  . . . . . . . . . . . .  1.600 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  2 -4 

. Section . . . . . . . . . . . . . . . . . . . . . . . .  NACA 65-008 . 

wing: 
Section . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 65-YO 
&cidence,-deg . . . . . . . . . . . . . . . . . . . . . . . . .  0 

I 

I 
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Figure 1.- System of stability axes showing positive values of forces, moments, 
and angles. 
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Figure 2.- Drawing of models with various swept-wing coagurations. 
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Figure 3.- Continued. 
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(C) A = -45'; €if = 60'. 

Figure 3.- Con4uded. . 
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Figure 4. - 
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(a) A = 0'. 

Aerodynamic characteristics-for models with various swept Wings, 
sweptback wing tips. sf = 0'. 
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(b) A = 150. 

Figure 4.- Continued. 
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(c) A = XIo. . 
Figure 4.- Conf3nued. 
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(d) A = 45'. 

Figure 4. - Concluded. 
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7 4  0 -4 .d . L2 
Ciff coefficienf, CL 

* 

( a )  A = Oo. 

Figure 5.- Aerodynamic characteristics for  mode& with various swept wings, 
sweptforward. wing tips. 6 = 0'. 
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(b) A = -15O. 

Figure 5.- Continued. 
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(c) A = -so. 

-Figure 5.- Continued. 
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(d) A = -450. 
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Figure 5.- Concluded. 
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Figure 6.- Aerodynamic characteristics for  models W i t h  various swept 
wings, swept-back tips. sf = 60°. 
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(b) * = 15'. 

Figure 6.- Continued. 
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0 .4 .B LZ 
hff cuefficlenf, 4 

( c )  A = 3oo. 

Figure 6.- Continued. 
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(d) A = 450. 

Figure 6.- Concluded. 
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Figure 7.- Aerodynamic characteristics for models with various swept 
wings, sweptforward wing tips. 8 f  = 60°. ' 
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(C) A = -30. 

Figure 7.- Continkd. 
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(c) Concluded. 

Figure 7.- Continued. 
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(d) A = -45O. 

Figure 7.- Continued. 
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(d) Concluded. 

Figure 7.- . Concluded. 
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(a) Sweptback wings. 

Figure 8. - Lateral-stability  parameters for models with various swept w’ings. 
. 6f 5 00. 
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(b) Swepfforward wings. 

Figure 8.- Concluded. 
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.. (a) Sweptback wings. 

Figure 9. - Lateral-stability  parameters for models  with various swept wings. 
Sf = 600. 
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(b) Sweptforward wings. 

Figure 9. - Concluded. 
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Figure 10.- Comparison of experimental and calculated values of static- 
longitudinal-stability determinants for models with various swept wings. 
6f = 00. 
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Hgure 11.- E3ect of svkep on the neutral-point location for models with various swept wings. 
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(a) Sweptback wings. 1 (b) SwepMomard wings. 

Figure 12.- Variation of downwash angle with angle of attack for models with various swept wWs. 
6* = 00. 
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(a) Sweptback wings. . (b) Sweptfomard wings. 

Figure 13.- Variation of downwash  angle with angle of attack for models with various swept wings. . 
9 = 600. 
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F'iguxe 14.- Variation of cz with &eep for mddels with various swept wings. 
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Figure 15. - Variation of c, with sweep at zero Ilft for models with various swept wlngs. . .  * 
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F'igure 16. - Comparison between the theoretical and experimental  effects of sweep on the 
increment of lift obtained at 00 angle of attack by deflecting the flaps 600. 
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